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(57) Abstract: 

PURPOSE: To provide a light exposing device using the 
mask in a process and apparatus for producing the mask 
for exposing constituted to form a mask film on a 
transparent substrate and to form mask patterns by 
selective etching of this mask film and a technique of 
improving the accuracy of the line width at the time of 
transferring the mask patterns by correcting the optical 
aberrations and optical characteristics rendered by a 
pellicle protecting film, etc. 

CONSTITUTION: The mask working process parameter 
of the conditions under which the mask patterns 
subjected to correction are formed on the mask is 
selected II in such a manner that the designed transfer 
patterns are obtd. on a material to be exposed by the 
mask for exposing according to the working conditions of 
the mask for exposing in stages up to a light shielding 
film etching stage after the formation I of the resist 
patterns at the time of forming the mask film on the 
transparent substrate and forming the mask patterns 
consisting of the mask film by selectively etching the 
mask film. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated, 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the manufacture method of the mask for exposure, and a 
manufacturing installation, this invention can be used as the manufacture method of the mask for 
exposure used for manufacture of a semiconductor device etc., and a manufacturing installation. 
[0002] 

[Description of the Prior Art] in the field which performs pattern formation using the mask for exposure, 
the request of precision is severe every year, for example, with high integration of various 
semiconductor devices, the chip extension width-of-face homogeneity precision at the time of the chip 
pattern imprint demanded by the device manufacturing process is required strictly increasingly, and is 
becoming in the field of manufacture of a semiconductor device Corresponding to this, the field 
extension width-of-face homogeneity required of the mask for exposure for semiconductor-device 
manufacture is also becoming very severe. 

[0003] In 0.3 5 -micrometer devices, such as for example, 64MDRAMs, the line breadth homogeneity 
precision within the semiconductor chip demanded is about 0.05 micrometers, and is set to about 0.04 
micrometers in 0.25-micrometer devices, such as 256MDRAM. Usually, in a device process, this 
precision can be divided into three sorts of precision as follows, and can be considered. 
1) the degree of field extension width-of-face process-tolerance 2 etching process precision 3 mask line 
breadth energy of an aligner — in this, generally the field extension width-of-face process tolerance of an 
aUgner needs the precision of 0.03 micrometers, when 64MDRAM etc. is made applicable to processing 
in the case of the reduction projection aligner called so-called stepper and about 0.04 micrometers, 
256MDRAMS, etc. are made applicable to processing Moreover, the precision assignment to a reticle is 
0.05 micrometers and about 0.04 micrometers 5 times about each. In addition, the precision of this 5 
time reticle is a numeric value on a mask. 

[0004] In order to fulfill a precision required for such device processing, in the aligner side, for the 
improvement in a field extension width-of-face process tolerance, flattening of low aberration-ized 2 
chip leveling function 3 stage of 1 optical image formation system etc. is examined, and the 
improvement is achieved. Thereby, as for stepper field extension width-of-face homogeneity, about 0.04 
micrometers is attained. 

[0005] Moreover, to the improvement in mask line breadth precision, the uniform disposition top 
method of collection of JP,3-33848,A and 1989 autumn Japan Society of AppHed Physics academic 
lecture meeting drafts 27 p-Kl 1, the line breadth uniform disposition top of the chromium dry etching 
process as a shading film as shown in spring applied physics relation union lecture meeting 30 p-K15 in 
1993, and resist pattern formation as shown in collection of autumn Japan Society of Applied Physics 
academic lecture meeting drafts 27 p-KlO in 1989 has been examined and put in practical use. As for the 
field extension width-of-face homogeneity precision in 1 10mm around on 5x reticle, about 0.22 
micrometers is realized in 3sigma by these examination now. 

[0006] Under these circumstances, as the above-mentioned stepper's exposure precision, and a process 
tolerance of this reticle, the limitation on the present idea ******** manufacturing installation 
mechanism is approached, respectively, and it is also a fact that the improvement in precision beyond 
this has resulted in a severe situation. 

[0007] In addition, although what is used by a reticle and 1 to 1 projection in what is used by reduction 
projection may be called a mask and may be distinguished when forming an imprint pattern 
configuration etc. by exposure light to the mask (resist) material formed on the wafer which is exposed 
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material, the reticle and mask in such a meaning are named generically in this specification, and it is 

called a mask. 

[0008] 

[Problem(s) to be Solved by the Invention] To detailed-izing of a device, the precision of a stepper 
aligner is coming to the limitation as mentioned above, and processing of high accumulation devices, 
such as 256MDRAMs, has resulted in the very difficult stage in this situation, for example. On the other 
hand, the device chip size is large-area-ized with increase of a degree of integration, and the need of 
going across the above-mentioned precision prescribe throughout this large-area-ized chip further, and 
realizing has arisen. 

[0009] Furthermore, on the other hand, in the aligner side, when exposure chip area forms a large size in 
this way, optical aberration became large and the trouble of bringing about degradation of the exposure 
field extension width-of-face precision has arisen. 

[0010] Generally, the aberration which reduction projection exposure optical system has can be 
decomposed into the 5 following aberration, and a relation with each aberration can be expressed using 
the tilt angle omega to the optical axis of the beam of light which carries out incidence of the radius of 
the entrance pupil of image formation optical system toward R and the entrance-pupil center of the 
optical system from the object point of a body to project further (one side angle). 
** spherical aberration R**3 Proportionality ** comatic aberration R**2 and omega proportionality ** 
- astigmatic R-omega **2 Proportionality ** curvature of field R-omega **2 Proportionality ** 
distortion omega**3 proportionality — examination of the technique of former some is made as meanses 
other than an optical-system improvement of a stepper as the reduction method of the aberration of these 
For example, to distortion of the above-mentioned **, the technique of forming the aberration in which a 
stepper has a pattern coordinate on a mask with an amended type is shown in JP,59-178726,A. 
[001 1] However, the aberration which affects especially a pattern dimensional accuracy is the **** 
curve of the astigmatism of the above-mentioned **, and the above-mentioned **, and drawing 2 and 
drawing 3 can express the influence by such aberration. Drawing 2 shows the size gap by the curvature 
of field to the distance from a stepper field center. As shown in the above-mentioned relational 
expression, the size gap in this case is produced in the form proportional to the tilt angle of the beam of 
light which the distance from a center brings about. Here, as a mask size shows drawing 3 (A), when 
uniform in a mask side (i.e., when the mask size a boiled centering on the stepper field and the size in 
the field comer section b are equal), by the aberration of optical system, the size of an imprint image 
serves as aw!=bw, as the size based on the fields is shown in drawing 3 (B), when the size of aw and the 
comer section is set to bw, and the difference tums into the error epsilon by aberration. 
[0012] The amendment method for such aberration becomes possible by giving pattern size amendment 
on a mask in the mask drawing process by electron-beam-lithography equipment etc. by the same view 
as above-mentioned JP,59-178726,A. Namely, as shown in drawing 3 (C), it draws by adding 
amendment on a mask data in the stage of beforehand drawing of the error part epsilon produced by the 
aberration which stepper opfical system has. In drawing 3 (C), the mask size based on [ at the time of 
mask drawing at the time of drawing ] the fields is set to a, and the size in the comer section is made into 
b'. It designs so that it may become b - a+epsilon here. As a point which are careful of, when a mask 
scale factor is N, Above epsilon is made into epsilonxN. By the above-mentioned technique, the size on 
the wafer after a mask pattern imprint can be uniformly formed in a stepper field side (refer to drawing 3 
(D)). 

[0013] In addition, although it is equipping with the surface-protection film called pellicle in recent 
years more often on a mask for the purpose of the improvement in the yield in device processing, when 
stepper optical system is the single telecentric optical system which is not a double tele cent mcksack (it 
explains in full detail behind with reference to drawing 16 ), the degrees of incident angle of the beam of 
light in a center section and a periphery differ in a mask side, and, thereby, a difference begins to arise in 
the light transmittance within this pellicle film surface. That is, the phenomenon in which a light 
transmittance deteriorates in a periphery to a field core begins to arise. It appears as dispersion in the 
light exposure difference in the stepper field, i.e., line breadth, and precision degradation is brought 
about. 

[0014] this — also receiving — the former - the same technique as the amendment method of distortion 
of the lens of the above-mentioned reduction projection optical system ~ the line breadth on a mask — an 
amendment ~ the line breadth precision after a mask pattern imprint was raised by things 
[0015] However, when it was going to cope with it in this way by amendment of the pattern size which 
draws a stepper's astigmatism, a **** curve, etc. on a mask, the following problems had arisen. 
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[0016] When it is going to give a stepper's optical aberration to the 1st with an amended type for size 
amendment of the drawing pattern on a mask, It is necessary to perform calculation of the correction 
value by the computer to all the mask top patterns, and sets on masks [ like ] with very many figures 
dealing with a high accumulation device, such as 256MDRAM. Making within a time [ appropriate ] end 
the calculation will increase remarkably the turn around time from design-data creation to mask making, 
it will affect the turn around time in the total of device creation further, and brings about the situation 
which is not desirable from a industrial standpoint. 

[0017] To the stepper from whom optical aberration differs, and the mask with which the kinds of 
pellicle film differ, mask size correction value different, respectively must be given, and it must draw, 
and huge machine time is required and it will be necessary 2nd to re-create a mask data for whenever [ 
the / every ]. This will affect the turn around time in the total of device creation like the 1st problem, and 
had become a remarkable fault. 

[0018] It sets [ 3rd ] to the mask making for 0.25-micrometer devices of 256MDRAM classes with 
detailed-izing of a pattern. Although such the so-called proximity effect produced by the backscattering 
from the substrate of an electron ray and forward scattering in the inside of a resist, and a big problem 
and a big bird clapper that heat deformation of the resist by the generating heat within the substrate by 
the electron ray and a resist similarly carmot be disregarded are known The machine time for already 
giving amendment (at the time of drawing the so-called proximity effect correction, heat amendment) to 
these at the time of mask-data creation has extraordinary length, and the increase in the further machine 
time for optical aberration amendment had become a big trouble. 
[0019] 

[Objects of the Invention] In the manufacture method of the mask for exposure and the manufacturing 
installation in which the mask pattern which consists of the above-mentioned mask film by this 
invention's creating a mask film on a transparent substrate, and carrying out selective etching of this 
mask film was formed In the process which results in the shading film etching process after resist pattern 
formation the optical aberration which the optical aligner for which the mask is used, and a pellicle 
protective coat bring about, and an optical property an amendment ~ like The mask processing 
process parameter according to the optical aberration and optics is chosen, and it aims at offering the 
technology which raises the line breadth precision at the time of this imprinting a mask pattern. 
[0020] 

[Means for Solving the Problem] In the manufacture method of the mask for exposure which forms the 
mask pattern which consists of the above-mentioned mask film by invention of the claim 1 of this 
application creating a mask film on a transparent substrate, and carrying out selective etching of this 
mask film At the process which results in the shading film etching process after resist pattern formation 
So that the imprint pattern designed on exposed material with this mask for exposure according to the 
service condition of the above-mentioned mask for exposure may be obtained The mask pattern by 
which amendment was made is the manufacture method of the mask for exposure characterized by 
choosing the mask processing process parameter of the conditions formed on a mask, and, thereby, 
attains the above-mentioned purpose. 

[0021] Invention of the claim 2 of this application is the manufacture method of the mask for exposure 
according to claim 1 characterized by the above-mentioned mask processing process parameter being 
what is amendment composition and chosen according to this optical aberration and/or an optical 
property in the optical aberration and/or the optical property which the optical aligner for which the 
above-mentioned mask for exposure is used, and/or a pellicle protective coat bring about, and, thereby, 
attains the above-mentioned purpose. 

[0022] Invention of the claim 3 of this application is the manufacture method of the mask for exposure 
according to claim 2 characterized by the optical aberration which should amend the above being a 
curvature of field, and, thereby, attains the above-mentioned purpose. 

[0023] The optical property which should amend the above is the manufacture method of the mask for 
exposure according to claim 2 characterized by being the optical permeability difference produced with a 
pellicle film, and, thereby, invention of the claim 4 of this application attains the above-mentioned 
purpose. 

[0024] Invention of the claim 5 of this application is the manufacture method of the mask for exposure 
according to claim 1 to 4 that the process which adds the above-mentioned amendment was 
characterized by being a shading film dry etching process, and, thereby, attains the above-mentioned 
purpose. 

[0025] Invention of the claim 6 of this application is the manufacture method of the mask for exposure 
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according to claim 1 to 4 that the process which adds the above-mentioned amendment was 
characterized by being a register SUTODE scum process, and, thereby, attains the above-mentioned 
purpose. 

[0026] Invention of the claim 7 of this application is the manufacture method of the mask for exposure 
according to claim 1 to 4 that the process which adds the above-mentioned amendment was 
characterized by being the process of both register SUTODE scum and shading film dry etching, and, 
thereby, attains the above-mentioned purpose. 

[0027] Invention of the claim 8 of this application is the manufacture method of the mask for exposure 
according to claim 1 to 4 that the process which adds the above-mentioned amendment was 
characterized by being a resist postbake process, and, thereby, attains the above-mentioned purpose. 
[0028] Invention of the claim 9 of this application is the manufacture method of the mask for exposure 
according to claim 1 to 4 that the process which adds the above-mentioned amendment was 
characterized by being a shading film wet etching process, and, thereby, attains the above-mentioned 
purpose. 

[0029] The process which adds the above-mentioned amendment is the manufacture method of a resist 
postbake, register SUTODE scum, and the mask for exposure according to claim 1 to 4 characterized by 
being the combination of two or more arbitrary processes of the shading film wet etching processes, and, 
thereby, invention of the claim 10 of this application attains the above-mentioned purpose. 
[0030] In the manufacturing installation of the mask for exposure which forms the mask pattern which 
consists of the above-mentioned mask film by invention of the claim 1 1 of this application creating a 
mask film on a transparent substrate, and carrying out selective etching of this mask film The opfical 
aberration and the optical property which the optical aligner for which the mask is used, and a pellicle 
protective coat bring about in the process which results in the shading film etching process after resist 
pattern formation with amendment composition It is the manufacturing installation of the mask for 
exposure characterized by choosing the mask processing process parameter according to the optical 
aberration, and this attains the above-mentioned purpose. 

[0031] It is as follows when the composition of this invention is explained with reference to drawing 1 . 
Namely, this invention creates a mask film on a transparent substrate, and sets it to the manufacture 
method of the mask for exposure which forms the mask pattern which consists of the above-mentioned 
mask film by carrying out selective etching of this mask. At the process which results in the shading film 
etching process after resist pattern formation I (resist pattern formation by exposure and development of 
a resist) The mask pattern by which amendment was made so that the imprint pattern material [ exposed 
]-upper-designed with this mask for exposure according to the service condition of the above-mentioned 
mask for exposure might be obtained is what performs selection II of the mask processing process 
parameter of the conditions formed on a mask, typically According to this optical aberration and/or an 
optical property Ila, the selection lib is performed with amendment composition in the optical aberration 
and/or the optical property Ila of the optical aligner for which the above-mentioned mask for exposure is 
used for the above-mentioned mask processing process parameter, and/or a pellicle protective coat to 
bring about. 

[0032] this invention can carry out in the dry-etching process of the shading film in the mask 
manufacturing process for exposure in the mode which gives the desired amount of mask side extension 
width-of-face amendments by quantifying the line-breadth homogeneity within a mask side about 
various etching parameters beforehand, storing as a table, and choosing etching conditions which give 
the amount of amendments required for an amendment sake for the optical aberration and the optical 
property of the stepper or the pellicle film to be used at this process from the above-mentioned 
quantification table. 

[0033] As a process which performs this amendment, it is desirable also at a register SUTODE scum 
process or both the processes of shading film etching register SUTODE scum. Furthermore, as a process 
which performs this amendment, a resist postbake process is sufficient or a shading film wet etching 
process is sufficient. Furthermore, you may be two or more combination of the arbitrary processes in a 
resist postbake process, register SUTODE scum, and a shading film wet etching process. 
[0034] the optical aberration and the optical property which the optical aligner for which the mask is 
used, and a pellicle protective coat bring about in the process which results in the shading film etching 
process of each above-mentioned technique, i.e., the resist pattern formation back, — an amendment ~ 
like, the mask processing process parameter according to the optical aberration is chosen, and the line 
breadth at the time of imprinting a mask pattern is raised 
[0035] 
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[Function] In the manufacture method of the mask for exposure in which the mask pattern which 
consists of the above-mentioned mask film by according to this invention creating a mask film on a 
transparent substrate and carrying out selective etching of this mask film was formed In the process 
which results in the shading film etching process after resist pattern formation the optical aberration and 
the optical property which an optical aligner and a pellicle protective coat bring about, corresponding to 
the conditions for which the mask is used ~ an amendment ~ like Since it was made to raise the line 
breadth precision at the time of choosing the mask processing process parameter according to the optical 
aberration, and imprinting a mask pattern The need of giving the computation for giving the correction 
value of an amendment sake for the optical property of the stepper used and a pellicle film on a mask 
which was the need conventionally to each mask design pattern is lost, and shortening of large mask 
making time is achieved on industry. Moreover, in case this exposes a mask pattern by different stepper 
simultaneously, it becomes unnecessary to carry out amendment calculation of the mask design pattern 
produced for whenever [ the / every ], and it can realize shortening of large mask making time on 
industry like the above. On the occasion of detailed-izing of a pattern, this can reduce [ a proximity 
effect correction and time to amend generating heat and the optical strain by the stepper pellicle film to a 
mask data at the time of drawing have come to become huge to the ability to reduce ] greatly the mask 
making cost of the present mask making process, and can acquire a big advantage on industry. 
[0036] 

[Example] Hereafter, with reference to a drawing, this invention is explained based on an example. 
However, although it is natural, this invention does not receive limitation according to the example of 
illustration. 

[0037] an example 1 ~ exposure field extension width-of-face precision degradation after the mask 
pattern imprint first brought about using drawing 2 by the aberration produced by the curvature of field 
in stepper optical system is explained Here, a mask substrate is a quartz substrate and used the chromium 
film as a shading film. 

[0038] As shown in dravv^ing 2 , in Stepper C, the size gap by the curvature of field increases as the 
distance from a stepper field center becomes large, and a size gap amounts to 0.02 micrometers in 1 0mm 
distance. This occupied 0.04 micrometers of 50% of line breadth homogeneity precision prescribes in 
the semiconductor chip demanded in 0.25-micrometer device processes, such as present 256MDRAM, 
and had become the big factor of precision degradation. That is, by this curvature of field, as shown in 
drawing 3 (A), even if it designed equally the mask Kaminaka core size a and the comer section size b 
for the mask top size, the chip comer section pattern size bw (refer to drawing 3 (B)) after an imprint 
was done smaller 0,02 micrometers than the size aw based on chips. 

[0039] By applying this invention, to a stepper with this curvature-of-field aberration, it is an amended 
type about the aberration, and optimization of the etching process parameter in the chromium dry 
etching process which is a shading film performs size amendment of a mask top pattem in this example. 
As shown in drawing 3 (C), it sets up like [ in the mask comer section ] b' to the size a based on masks, 
and the size of the mask top pattem of the amended resuh is b -a+epsilonM. It carries out. epsilon is a 
value which was shown in drawing 2 and which corresponds on the mask of the amount epsilon of gaps 
by a stepper's curvature of field. In this example, the numeric values of a, aw, b, b', epsilon, epsilonM, 
and N are 1.25 micrometers, 0.25 micrometers, 1.25 micrometers, 1.35 micrometers, 0.02 micrometers, 
0.10 micrometers, and 5 respectively. 

[0040] Here, the chromium dry etching process which optimizes a process parameter is explained. 
[0041] The example of composition of the etching system used for this example is shown in drawing 4 . 
This equipment is an parallel monotonous type RIE system which consists of an up electrode 4 and a 
lower electrode 5, and RF generator 6 (I3.56MHz) is connected between two electrodes 4 and 5. 
[0042] C12 which is gas used for etching, 02, and hydrogen-containing and oxygen gas (wet air or wet 
nitrogen) are supplied in a reaction chamber 8 from the gas supply mouth prepared in the up electrode 4, 
after being respecdvely introduced with the gas introduction pipes 71-73 from a respectively different 
source of supply and being mixed within the introductory pipe 7. Moreover, the flow rate of each gas is 
independently controlled by the controller (mass-flow controller) installed in the supply pipes 71, 72, 
and 73 of each gas. The gas pressure at the time of etching is the degree of opening and closing of the 
valve installed in the middle of the exhaust pipe, and is controlled by adjusting displacement, as the 
parameter of etching — **RF (power W) ** pressure (Pa) ** electrode spacing ** — a setup each 
quantity-of-gas-flow ** electrode temperature ** etching time of whose etc. could change on soft 
(program), and changed the conditions of two or more steps to one processing is possible 
[0043] In this example, when performing dry etching using the above-mentioned etching system shown 
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in drawing 4 , the photo-mask substrate 9 with the register stem after development-post BEGU which is 
an etched object first is etched after that on the lower electrode 5. 

[0044] Here, the relation of the etching conditions and etch uniformity which these people found out 
about the dry etching process is explained. According to the knowledge of this application, in the 
equipment of composition as drawing 4 shows, ****** in the degree of vacuum of etch uniformity, 
inter-electrode distance, RF output, and etching gas and the content ratio dependency of oxygen gas 
were able to be quantified, drawing 5 - a degree of vacuum dependency ~ RF output is shown in 
drawing 7 and ****** in etching gas and the content ratio dependency of oxygen gas (for example, a 
steam and a wet gas can be used) are shown for an inter-electrode distance dependency in drawing 6 at 
drawing 8 

[0045] Fmally such a parameter that affects it to etch uniformity can give arbitrary etch uniformity by 
the method of each combination. A difference with the line breadth in the mask core of the chromium 
mask pattern size formed in drawing 9 after etching in a predetermined distance from 5x mask center is 
shown. 

[0046] Among drawing 9 , Sign a is the case of degree of vacuum 130mTorr, 10mm of inter-electrode 
distance, RF output 150W, and the hydrogen-containing and an oxygen gas content ratio 0.657, and, as 
for the variation of tolerance based on masks, in the case of 50mm of distance from 5x mask center, +0.1 
micrometers is obtained. Moreover, the variation of tolerance at this time is changing in proportion [ 
almost ] to the square of the distance from 5x mask center. 

[0047] Moreover, b is the case of degree of vacuum 200mTorr, 130mm of inter-electrode distance, RF 
output 180W, and the hydrogen-containing and an oxygen gas content ratio 0.452, and, as for the 
variation of tolerance based on masks, in the case of 50mm of distance from 5x mask center, -0.1 
micrometers is obtained. Moreover, the variation of tolerance at this time is changing in proportion [ 
almost ] to the square of the distance from 5x mask center. 

[0048] Moreover, c is the case of degree of vacuum 140mTorr, 100mm of electrode spacings, RF output 
180W, and the hydrogen-containing and an oxygen gas content ratio 0.657, it is not dependent on 
distance from 5x mask center, and the result with the uniform size within a mask side is obtained. For 
example, when the distance from 5x mask center was 50mm, the difference with the mask core of the 
mask pattern size was -0.003 micrometers. 

[0049] The measurement result of the mask top pattern size corresponding to Above a, b, and c is shown 
in drawing 10 , drawing 1 1 , and drawing 12 , respectively. 

[0050] Moreover, it has become clear that the combination of the etching parameter which gives 
arbitrary mask pattem side extension width-of-face homogeneity to everything but the conditions of 
Above a, b, and c as a result of examination of these people can be acquired. 
[0051] Although it is located in the mask drawing la, resist development and Postbake lb, and the 
process after each process of DESUKAMU V among the mask making processes to mask drawing - 
shipment as the dry etching process Ilia is shown in drawing 13 In this dry etching process Ilia, it is the 
reason which can realize mask pattem side extension width-of-face homogeneity arbitrary as mentioned 
above by selection of an etching parameter, by this The process which gives size amendment on the 
mask pattem data at the time of drawing which was the need conventionally can be skipped. Although 
the time which size amendment takes had checked the turn around time on about 1 -hour Mr. necessary 
one and mask making when it processed to the mask pattem of 256MDRAM for example, in 
NEWS 1860 engineering-workstation 6.7MIPS, by this invention, it can cut down the size amendment 
processing to aberration, and can obtain big profits industrially. In addition, after the dry etching process 
Ilia usually continues with the resist ablation Illb, inspection and correction, the front [ shipment ] 
washing IVa, and Shipment IVb. 

[0052] When the mask (mask side extension width-of-face homogeneity like drawing 10 is acquired) 
was created by giving the etching parameter which gives mask side extension width-of-face 
homogeneity like a of drawing 9 to optical system with aberration like the stepper C of drawing 2 by the 
above-mentioned technique in a chromium dry etching process and the imprint experiment was 
conducted in Stepper C using this, as shown in drawing 14 , the line breadth precision in the good 
stepper field was acquired. The selection II of a parameter is a form like drawing 15 , and when a mask 
goes into a dry etching process, it is performed. Ill' shows an etching system among drawing 15 . lie 
shows a computer. V shows the mask for exposure after development, and IV' shows the mask after dry 
etching. 

[0053] In addition, in this example, EBR-9 (2, 2, and 2-truffe RUORO ethyl-alpha-chloro acrylate; 
Toray Industries, Inc. make) of a BOJI type electron beam resist was used as an electron-beam-resist 
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material in the case of mask making. The chromium shading material film used 105nm **, and the 
thickness of an electron-beam-resist film adopted 500nm **. 

[0054] moreover, the photoresist used when a mask pattern was imprinted by Stepper C — the product 
made from SHIPUREI — it is SAL601-ER7 and resist ** could be 0.7 micrometers Moreover, the 
wavelength of the stepper light source is 0.248 micrometers, and the thing of NA=0.42 and the optical 
conditions of sigma-0.5 was used for it. 

[0055] In the single tele cent rucksack reduction projection exposure system which is not an example 2 
double tele cent rucksack, when equipping with a pellicle film on a mask side, a difference arises in the 
degree of incident angle of the beam of light in a mask side, this gives a difference to the optical path 
length within a pellicle film surface, a gap arises to an optical interference period as a result, and a 
difference arises in a light transmittance. These optical system is shown in drawing 16 . a mask substrate 
with a pellicle and 1 1 are used for an objective lens, and 12 is used only for double telecentric optical 
system for ten in drawing — secondary — degree objective lens and 13 are wafer substrates 
[0056] Drawing 16 (A) shows single telecentric optical system, and drawing 16 (B) shows double 
telecentric optical system, 

[0057] In the case of single telecentric optical system, as shown all over drawing, the degree theta of 
beam-of-light angle of emergence to the objective lens within a mask side changes a lot, is small in the 
mask center section, and serves as the maximum by the mask periphery. The angle of emergence fi-om 
the mask substrate of a beam of light can be replaced with the incident angle to a mask substrate, and the 
light transmittance of a pellicle film to this incident angle is shown in drawing 17 . 
[0058] Here, it is Incident. Angle A beam-of-light incident angle and Transmission are a light 
transmittance and S. Polarization, P Polarization expresses change of light. The wavelength of light 
shown among drawing is 365nm. 

[0059] It sets to this single telecentric optical system, and is Incident. As for a light transmittance, in the 
case of 30 degrees C, Angle deteriorates to 96% with P polarization light 90% in S polarization light by 
the mask periphery. 

[0060] That the light exposure of light generally falls has a relation that the pattern line breadth on a 
wafer formed becomes small, and the difference of a stepper field core and a periphery produced 0.035 
micrometers of pattern line breadth on the wafer formed in this case. Design line breadth is 0.35 
micrometers and used the stepper of a field-size 20mm angle, NA=0.50, sigma=0.5, lambda= 0.365, and 
reduction percentage 1/5 here. 

[0061] On the other hand, the technique in the case of carrying out this invention is shown below. On the 
occasion of operation of this invention, a process means is constituted so that the optical intensity by the 
light transmittance of a pellicle film may be compensated. First, the light transmittance in the field 
equivalent to a stepper field size is quantified in a form like drawing 17 , and the line breadth variation 
corresponding to this is calculated. The technique to search for is converted from the light exposure vs 
line breadth property generally used in optical lithography characterization, 

[0062] When reduction projection exposure was carried out on the wafer like the above using the mask 
pattern created in such a form, the difference of a stepper field center section and a periphery was 
reduced by 0.007 micrometers. 

[0063] Although example 3 examples 1 and 2 explained the technique of raising stepper field extension 
width-of-face homogeneity by performing parameter selection and setting up suitably mask pattern side 
extension width-of-face homogeneity according to the dry etching process of a chromium mask the size 
homogeneity same in this example — the inside of a mask side — giving ~ and after a stepper imprint — 
quantity - size amendment at the register SUTODE scum process in a mask making process is explained 
as the technique of giving uniform field extension width of face 

[0064] A register SUTODE scum process is explained. The cross-section configuration of EB resist after 
resist BOSUTO baking is shown in drawing 18 (a). The shading film with which EB resist and 21 
consist of Cr or oxidization Cr in 20, and 22 are quartz substrates here. The configuration of the resist 20 
after a postbake is the configuration which pulled the skirt by the interface 21 with a shading film 
corresponding to the stored-energy distribution of the electron ray within a resist and swelling in a 
development process, contraction, and the developing time. 23 in drawing shows skirt length (scum). It 
is easy to carry out film decrease of this portion easily in the case of shading film dry etching, and, for 
this reason, removing beforehand is desirable. Moreover, also in the case of shading film wet etching, 
the penetration of etchant tends to happen, it is easy to deteriorate line breadth homogeneity, this 
meaning also removes this scum beforehand, and ****** is desirable. 

[0065] As it is called DESUKAMU to remove scum and it is shown in drawing 1 8 (b), a steep profile 
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can be obtained by removing a surface monostromatic for EB resist configuration of 20 like 20'. 
[0066] The example of composition of the register SUTODE scum equipment used for this example is 
shown in drawing 19 . RF generator 36 (13.56MHz) is connected between two electrodes 34 and 35 with 
the parallel monotonous type BURAZUMA equipment with which this equipment consists of an up 
electrode 34 and a lower electrode 35. 

[0067] Gas 02 used for DESUKAMU It is introduced from the gas introduction pipe 37. A quantity of 
gas flow is controlled by the mass-flow controller. The gas pressure at the time of DESUKAMU is the 
degree of opening and closing of the valve installed in the middle of the exhaust pipe, and is controlled 
by adjusting displacement. 

[0068] A setup whose **RF power (W), ** pressure (Pa), ** electrode spacing (mm), ** quantity of gas 
flow (seem), ** electrode temperature, ** DESUKAMU time, etc. could change on soft (program), and 
changed the conditions of two or more steps to one processing as a parameter at the time of 
DESUKAMU is possible. 

[0069] In this example, when performing register SUTODE scum using the De Dis cam mechanism 
shown in drawing 19 , the photo-mask substrate 39 with the resist pattern after the postbake after the 
development which is a DESUKAMU-ed object first is placed on the lower electrode 35, and 
DESUKAMU is performed after that. 

[0070] In a DESUKAMU process, the amount d of DESUKAMU can acquire arbitrary homogeneity by 
changing various parameters here, as the property of RIE of an example 1 and an example 2 was 
explained. As a parameter which affects DESUKAMU homogeneity, **RF power (W), ** pressure (Pa), 
** electrode spacing (mm), and ** quantity of gas flow (seem) were chosen by this example. 
[0071] As a result of optimizing a parameter, as for the register SUTODE scum parameter which gives 
the mask side extension width-of-face homogeneity equivalent to a of drawing 9 , it was acquired as a 
result that a setup of **RF power 300 W, ** pressure 200mTorr, 70mm of** electrode spacings, and ** 
quantity-of-gas-flow lOOsccm is suitable. 

[0072] The etching (dry etching) parameter behind register SUTODE scum usually processed in the 
process (conditions from which high line breadth homogeneity is acquired). 

[0073] When the imprint experiment was conducted in Stepper C using the mask created by the above 
technique like the example 1 (exposure conditions and photoresist conditions presupposed that it is the 
same as that of an example 1), the result with the very as good line breadth difference of a stepper field 
core and a periphery as 0.003 micrometers was obtained. 

[0074] In addition, since the line breadth homogeneity within a mask side is a plasma process as well as 
examples 1 and 2, being able to control by register SUTODE scum arbitrarily and also creating the mask 
corresponding to Steppers A and B cannot be overemphasized by that it is completely satisfactory. 
Moreover, this example can also be used combining examples 1 and 2. 

[0075] By example 4 this example, in order to obtain the same purpose and same result as examples 1-3, 
how to perform mask top size amendment at a resist postbake process is explained. 
[0076] A resist postbake is after development as Sign lb shows to drawing 13 , and it is located before a 
register SUTODE scum V process. A postbake process is performed in order to be the process which 
removes the solvent absorbed in the resist macromolecule with development/rinse and to raise the 
adhesion of a resist and a shading film more after resist development, it is known for this process that the 
dimensional change of a resist can be given depending on the temperature of baking (the so-called resist 
configuration ~ based on whom) 

[0077] The composition of resist postbake equipment is shown in drawing 20 . Drawing 20 (a) is 
drawing seen from the upper surface, and (b) is drawing which looked at the cross section. 
[0078] The mask substrate 30 is heated by the hot plate 32 through the spacer 31 for pro squeak tee 
baking. 

[0079] At a postbake process, mask size a<b* shown in mask size a=b explained to drawing 3 (A) or 
drawing 3 (C) can be set up by adjusting the gap distance of the hot plate of this pro squeak tee baking, 
and a mask substrate. Generally, in the case of a macromolecule resist, if baking temperature is higher 
than Tg, molecular rotation movement centering on a principal chain will arise, who begins to arise in 
the portion of the skirt in a resist cross-section configuration, and when higher than Tm, a resist 
cross-section configuration has the property that who and the resist line breadth itself become thick 
greatly. ((Tg is a glass transition temperature) Tm is a softening temperature) . 

[0080] 1.1mm was set up to the optical system which has aberration like the stepper C of drawing 2 by 
the above-mentioned technique as a gap interval which gives mask side extension width-of-face 
homogeneity like a of drawing 9 , and the imprint experiment was conducted in Stepper C using this. 
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Consequently, the line breadth difference in a stepper field center and a periphery was settled in 
-0.002mm. 

[0081] In addition, the postbake setting temperature in this case was 60 degrees C, and thereby, mask 
substrate top resist temperature amounted to 140 degrees C in the center of a mask substrate, and it 
amounted to 131 degrees C in the periphery. 

[0082] On the other hand, on the conventional postbake conditions, it is 0.1mm in gap interval, postbake 
setting temperature could give mask substrate top resist temperature to the homogeneity within a field by 
141 degrees C at 140 degrees C, and, thereby, the line breadth homogeneity within a mask side was able 
to be given to about **0.02 micrometers. 

[0083] In the above example, it presupposed that the electron-beam-resist conditions at the time of mask 
making and the photoresist conditions at the time of stepper exposure, stepper optical conditions, etc. are 
the same as examples 1 and 2, and process conditions other than a resist postbake used the mask process 
conditions (standard process conditions) of giving homogeneity within a mask line breadth side like c of 
drawing 9 . 

[0084] In example 5 this example, in order to obtain the same purpose and same result as examples 1-4, 
this invention was carried out by the method of performing mask size amendment at a resist wet etching 
process. 

[0085] A shading film wet etching process can be used as an alternative of the dry etching Ilia in the 
mask making process shown in drawing 13 . 

[0086] In wet etching, spray injection of the etching reagent of a shading film is carried out to the mask 
substrate rotated as shown in drawing 21 , and a pattern is formed. The mask substrate 30 is the interior 
of the wet etching chamber 42, and rotates by the rotation drive system 43. To this mask substrate 30, 
fi-om the supply tube 41, wet etching liquid reaches a spray nozzle 40, and is further emitted on a 
concentric circle through the nozzle. 

[0087] The field interior division cloth of the amount of medical fluids with which the method in this 
example is supplied on a mask substrate according to the injection direction of a nozzle is changing the 
homogeneity within a mask side from differing by this. 

[0088] Although mask side inside dimension method homogeneity becomes very good when arranging 
the direction of a injection center of a nozzle with the center of rotation like drawing 21 (a), if a injection 
center is set up like drawing 2 1 (b), the etch rate of a periphery will become quick and chromium 
(shading film) omission line breadth will become large as a result. 

[0089] In this example, the degree of nozzle angle is set as 18 degrees, and this gave the chromium 
etchant injection center on the 40mm concentric circle fi"om the 5" mask side Kaminaka heart. Thereby, 
the mask line breadth homogeneity within a field became a configuration like a of drawing 9 . 
[0090] As a result of exposing by the stepper C of drawing 2 using this, the line breadth difference in a 
stepper field center and a periphery was settled in +0.003 micrometers. 

[0091] In the above example, the same thing as the standard mask process conditions in examples 1-4 is 
used except the shading film (chromium) wet etching process. 

[0092] Arbitrary mask side extension width-of-face homogeneity can be given by setup of the spray 

angle of chromium wet etching, and the above technique enables a stepper's aberration in the mask 

process which is the purpose of this invention by this to offer an amendment mask. 

[0093] Moreover, even if this example combines with examples 1-4, it can be used. 

[0094] As mentioned above, although this invention was explained based on the desirable example, this 

invention is not limited to these examples. The conditions and numeric value which were explained in 

the example are instantiation, and can be changed suitably. 

[0095] 

[Effect of the Invention] About the manufacture method of the mask for exposure and manufacturing 
installation which form the mask pattern which consists of the above-mentioned mask film by according 
to this invention creating a mask film on a transparent substrate and carrying out selective etching of this 
mask film In the process which results in the shading film etching process after resist pattern formation 
the optical aberration which the optical aligner for which the mask is used, and a pellicle protective coat 
bring about, and an optical property ~ an amendment, since it considered as the composition which 
chooses the mask processing process parameter according to the optical aberration and optics like The 
line breadth precision at the time of imprinting a mask pattern was able to be raised. 



[Translation done.] 
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